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SYNOPSIS 

A Pan Amerlcan World Alrwdys, Inc . ,  Boelng 707-121, N709PA, F l i g h t  2U+, 
crdshea a t  2059 e . s  t . ,  Decensber 8, 1963, near Elkton, Marylana 

F'ilght 214 was in a holdlng p a t t e r n  awaltlng an Instrument approach t o  
the Phlladelphla In ter r la t lonal  Alrpor t  when i t  was s t ruck  by l lghtnmg.  
Imedlately t h e r e a f t e r ,  t h e  a l r c r a f t  was observed t o  be on f l r e .  A l a rge  por- 
Lion of the  l e f t  wlng separated i n  l l l g h t  and t h e  a l r c r a f t  crashed i n  flames 
a$prox~mately t e n  n a u t l c a l  ml les  southwest of the  New Cas t le ,  Delaware VOR. 
811 persons aboard, 73 passengers and e lght  crew members, perlshed i n  t h e  
crash and t h e  a l r c r a f t  was destroyed. 

The Board determines t h e  probable cause of t h l s  acc ldent  was l lghtnlng-
lqduced l g n i t l o n  of t h e  f u e l / a l r  mlxture i n  the No. 1 reserve  f u e l  tank wlth 
resultant explosive d l s l n t e g r a t l o n  of the  l e f t  outer  wlng and los s  of conzrol.  

Pan Amerlcan F l l g h t  214, a Boelng 707-121, N709PA, departed Frlendshlp 
International A l r p o r t ,  Baltimore, Maryland, fo r  Phl ladelphla,  Pennsylvania, at  
2024 Oecember 8, 1963. The a l r c r a f t ,  wl th  73 passengers and a crew of e l g h t ,  
Was on an Instrument ~ l l g h tRules (IFR) clearance. F l lgh t  214 reported over 
the New Cas t le ,  Delaware VOR a t  2042 and was Instructed t o  hold a t  5,000 f e e t ,  
west of t h e  VOR. ~t 2058 a f f ) ~ y D ~ Y l f2/ transmlsslon was heard from the flight. 
Shortly t h e r e a f t e r ,  t h e  ~ l l o t  of another  a l r c r a f t  broadcasted tha t  ftCllpper 211, 

golqg down i n  i lames  f' 

F l ight  214 crashed two miles eas t  of Elkton, Maryland, a t  2059. A l l  per-
jons aboard the  aircraft were Killed ~ n s z a n t l y .  The a l r c r a f t  was destroyed by 

exP1oslon, impact, and f l r e .  

A l l  t m e s  herein a r e  eas tern  standard based on t h e  &-hour clock. 

?/ A r a d l o  c a l l  s lgni fy lng  an a l r c r a f t  i n  distress. 



On t h e  ,morning 01 December 8, 1963, N709PA departed Phl lade lphia ,  Pennsylvnnl-, 
as Pan Kmerlcan Fl lgl l t  113 ind  proceeded t o  San Juan, Puer t o  Rico, with an- en 
r o u t e  s t o p  a t  Ba l tmore ,  Maryland. The a l r c r a f t  arrived a t  San Juan wlth 25,500 
pounds of f u e l  21 remalnlng aboard. The a l r c r a f t  was fue led  wl th  Type B t o  a 
toba l  of 78,000 pounds. The r e s u l t a n t  f u e l  load  was a mlxture 01 Type A and* Type 
B distributed a s  fol lows.  Nos. 1 and 4 maln and r e se rve  tanks 69 percent  Type B; 
Nos. 2 dud 3 tanks  63 5 percent Type B, c e n t e r  tank 100 percent  Type B. 

P r l o r  t o  departure from San J m n  t h e  capta ln  of F l l g h t  214 was brlefecl on 
t h e  weather along h l s  lntended route  t o  Phl lade lphla .  T h l s  b r i e f l n g  lncluded 
a discussion of SIGMET No. 3 4/ r e l a t l v e  t o  poss lb l e  thunderstorm a c t l v l t y ,  ind 
turbulence. The t lmes of f r o n t a l  passage a t  c e r t a i n  e a s t  coas t  c l t i e s  lnc ludlng  
Bn l tmore  and Phlladelphla were a l s o  discussed. The cap ta in  was a l s o  provlded with 
a "flight, fo lder"  whlch contalned t h e  requl red  weather documents 

' N709PA l e f t  San Judn a s  Pan Amerlcan F l l g h t  214 at  1610 and a r r lved  a t  Baltl-
more a t  1935. No maintenance discrepancies were repor ted  by t h e  crew a t  Bal tmore .  
A visual lnspect lon of t h e  a l r c r a f t ,  including examlnatlon f o r  f u e l  l eaks ,  was 
performed by a  Pan American mechanic, whlle  t h e  a l r c r a f t  was belng refue led ,  and 
no dlscrepancles  were noted. 27,400 pounds of Type A were added a t  Baltlmore re -  
s u l t l n g  i n  t h e  following q u a n t l t l e s  and mlxtures  Nos. 1and 4 reserve tanks  
a n  estlmated 1.81 ga l lons  of r e s l d u a l  f u e l ,  approxmate ly  69 percent  Type B, Nos. 
1 and 4 maln tanks 12,000 pounds of f u e l  each, 31 pe rcen t  Type B; center  tank, 
estlmated 15.05 ga l lons  r e s l d u a l  f u e l ,  100 percent Type B. F u e l  temperatures 
were estlmated to  be 4Z°F 1n t h e  reserve t anks  and 46OF i n  t h e  m a n s .  Af ter  t h e  
acc ldent  f u e l  samples were taken from t h e  supply sources a t  Ide lwl ld ,  Ba l tmore ,  
and San Juan. Analysls of t h e s e  samples revealed no discrepancies. 

A t  Bal tmore  a Pan American opera t lons  r e p r e s e n t a t ~ v e  t a lked  t o  the captaln 
atbut t h e  weather between Ba l t~more  and Phl lade lphia .  He provlded t h e  cap ta ln  wltR 
c q l e s  of the 1900 e a s t  coast weather sequence r epor t s .  The opera t lons  representa- 
tlve t o l d  the  capta ln  t h a t  t h e  f r o n t  passed B a l t m o r e  I f . .  a l i t t l e  whlle ago ...* 
and would be i n  Phlladelphla "... about 01252 (2025) . I 1  

F l l gh t  214 departed Baltlmore a t  2024 cleared IFR t o  t h e  P o r t  Herman In t e r -  

sectLon v la  Victor  44 ( a x w a y ) ,  Vlctor  433, a t  4,000 f e e t ,  t o  expect f u r t h e r  c l a r -  

ance a f t e r  P o r t  Hernun vsa  Vlctor  433 t o  t h e  New C a s t l e  VOR thence d l r e c t  t o  Phlla- 

delphla.  


Af t e r  Laiceoff, Baltlrnore Departure Cont ro l  provlded radar  vecLors to Vlctor i j  
where a l r  t r a f f l c  "cont ro l"  was t r ans fe r r ed  t o  New C a s t l e  Approach Control.  The 
B a l t ~ m o r e  radar  rnonltoring of t h e  depar ture  revealed n e l t h e r  unusual f l l g h t  progresj 

Type A i s  a kerosene type turb ine  f u e l  wlth a f l a s h  po ln t  of 110° - 150°F 
Type B i s  a  wlde-cut gasol ine type tu rb ine  f u e l  wlth an unspecified f l a s h  p o u t  
and a  maxmum Reld vapor pressure of 3 p.s.1.  

4/ A me teo ro log lcd  message deslgned primarily f o r  a l r c r a f t  i n  f l l g h t  warn-
ing  of weather conciltlons potentially hazardous t o  t r a n s p o r t  category and o t h e r  
types  of a s r c r a f i .  SIGFBT No. 3 was lssued  by the USWE! o f f  Ice, Washington N d t ~ o n d  
Alrpor t  . x 



r~ot s lg t i l i l cnn t  weather Rddar serv lce  was termlnsted e l g h t  mlles west of t h e  

KoL% Hall In t e r sec t  l o n  a t  2031. 


Communlcatlon was established between F l l g h t  214 and New Cas t l e  Approach 

Control ,  whlch had no radar .  The f l l g h t  was cleared t o  c l m b  t o  5,000 f e e t  and 

recleared t o  t h e  New C a s t l e  VOR. F l lgh t  214 reported over t h e  New Cas t l e  VOR at  

2042, 5,000 f e e t  and c o n t r o l  was then t r ans fe r r ed  t o  Phlladelphla Approach Cont ro l  


w h j c h  provlded t h e  crew wlth t h e  following-

"... Phl lade lphla  weather, now, seven hundred sca t te red ,  
measured e l g h t  hundred broken, one thousand ove rcas t ,  
s7.x ml l e s  ( v l s l b l l l t y )  wlth r a m  shower, a l t ~ m e t e r  two 
nlne fou r  f l v e ,  t h e  sur face  wlnd 1s two hundred and elghty 
degrees a t  twenty (knots)  wlth g u s t s  t o  t h l r t y  (knots) .  
I ' v e  go t  f i v e  a l r c r a f t ,  have e lec ted  t o  hold u n t l l  t h l s  ... 
extreme wlnds have passed, ... do you wlsh t o  be  cleared 
f o r  a n  approach or  would you l l k e  t o  hold u n t l l  t h e  squa l l  
l l n e  . . passes  Phl lade lphla ,  over7" 

Tie crew advlsed Phl lade lphla  they would hold and were Ins t ruc ted  t o  hold  west '  
of N e w  Cas t le  VOR on t h e  270 r a d l a l  and g lven  a n  expected approach clearance t m e  
of 2110. The crew requested and recelved permission t o  use two mlnute l e g s  1n r e  

t h e  holdlng pa t t e rn .  A t  2050 45  t h e  crew advlsed Philadelphia they were ready t o  
s t a r t  an approach. They were t o l d  t o  contlnue t o  hold and they would be cleared as 
soon as poss lb le .  The crew acknowledged w l t h  "Roger, no hurry,  j u s t  wanted you 
t o  know t h a t  .. w e ' l l  accept a clearance." Approx~mately elght mlnutes later, at  , 
2058:56 t h e  fol lowlng transmlsslon was heard on the Philadelphia Approach Control  
frequency 124 6 "MAYDAY M A D A Y  MAYDAYT15/  Cllpper  211, out  of control.  Here we go." 
Seconds l a t e r  another  t ransmlsslon on the same frequency was heard "Clipper 2l.4 
1s golng down m flames.I1 Thls  l a t t e r  transmlsslon was made by t h e  f l r s t  o f f l c e r  
of National  A l r l l n e s  F l l g h t  16 (NAL 1 6 ) . g  NAL 1 6  was i n  t h e  same holdlng p a t t e r n  
a s  F l l g h t  214 bu t  1,000 f e e t  hxgher, and t h e  f l r s t  o f f l c e r  had seen t h e  Pan Amerlcan 
f l l g h t  descend~ng on f l r e .  

The a l r c r a f t  crashed at  2059 m open country e a s t  of Elkton, Maryland. Witness-
es m t h e  acc ldent  a r e a  described t h e  weather a s  cloudy, wlth l l g h t  r a i n  f a l l m g ,  
and l lgh tn lng .  

Turbulence, thunderstorms, and lc lng  were lncluded In  a l l  rou t lne  f o r e c a s t s  

a s  w e l l  a s  SIGMETS f o r  t h e  a rea  surrounding t h e  acc ldent  s l te  durlng t h e  perlod 

F l l g h t  214 was t o  be operating m t h a t  reglon. 


The weather a t  W~lmmgton, Delaware, nine n a u t l c a l  mlles e a s t  of t h e  a c c l d e n t ,  

was repor ted ,  at 2100, t o  be: 


Thls  po r t lon  of  t h e  recording is not  e n t l r e l y  c l e a r ,  but t h l s  r ep resen t s  

t h e  b e s t  l n t e r p r e t a t l o n  p o s s l b l e  due t o  t h e  qua l l ty  of t h e  tape. 


NAL Flxght  16 was a Douglas DC-8, N875C. 



900 s c a t t e r e d ,  measured 4400 overcast ,  v l s l b l l t y  8 ml les ,  thunder- 
storm, l l g h t  r a m ,  temperature &, dew p o u t  43, wlnd west-southwest 
10 knots ,  thunderstorm began a t  2054, thunderstorm west,  movement 
unknown, l l gh tn lng  i n  cloud, cloud t o  ground west-northwest -
northwest. 

The Wllmlngton 2000 r e p o r t  had indicated a f r o n t a l  passage at 1931. 

The weather I n  the holdlng p a t t e r n  a rea  a s  descrlbed by t h e  f l r s t  o f f l c e r  of 
F l l g h t  16 was cloudy, wlth comparatively smooth a l r ,  and t h e  ground l l g h t s  were 
o c c a s ~ o n a l l y  v l s l b l e  through breaks l n  t h e  clouds. The crew of t h l s  f l l g h t  ob- 
served a l lghtn lng  s t r l k e  on t h e l r  a l r c r a f t  whlle  i n  the  hold lng  pa t t e rn .  Later  
examination of t h e  a l r c r a f t  revealed evldence of  l l gh tn lng  damage t o  t h e  l e f t  w l n g  
t l p  and the  empennage. 

Of the U+0 ground w ~ t n e s s e s  mtervlewed,  99 reported s lgh t lng  a n  a l r c r a f t  o r  
flamlng object i n  t h e  sky. Seventy-two of these  witnesses saw i lgh tn lng  and seven 
s t a t e d  they saw the  l lghtn lng  s t r l k e  t h e  a l r c r a f t .  Three o t h e r  persons saw a b a l l  
of f l r e  appear at t h e  f o r k  or  one end of the  l l g h t n l n g  s t roke .  Seventy-two wl tnesses  
lndlca ted  t h a t  the  b a l l  of f l r e  appeared concurrent wlth o r  mmedlately following 
t h e  l lghtn lng  s t roke .  Twenty-seven saw f i r e  preceded by 1JghtnJng wl th  a very s h o r t  
I n t e r v a l  before the  f l r e  was v l s l b l e .  Twenty-three wl tnesses  observed a n  exp los lon  
1n connection wlth the a l r c r a f t  1n f l l g h t  a f t e r  f l r e  was observed. T h l r t y - e ~ g h t  
mentioned an exploslon at m p a c t  

Additionally, 28 wl tnesses  saw o b j e c t s  f a l l  from the  a l r c r a f t  m f l l g h t  and 
48 descrlbed var lous  po r t ions  of t h e  a l r c r a f t  they observed t o  be i n  flames. 

Nearly 600 pleces of wreckage were strewn outs ide  t h e  maln lmpact c r a t e r  m 
a n  area a p p r o x m t e l y  f o u r  mlles  long and one mile  wlde. The long axls of t h l s  
area was on a bearlng of 255 degrees t r u e  from t h e  e a s t e r l y  end through t h e  m p a c t  
c r a t e r  near t h e  westerly end. However, there were two d l s t i n c t  wreckage paths 
and  t h r e e  concentrations m t h i s  a r e a .  

One of t hese  was a s t r a l g h t  pa th  about 1,500 f e e t  wlde and two ml les  long. 
It lncluded t h e  wreckage f a r t h e s t  from t h e  m a n  c r a t e r  and consisted of nearly 
a l l  plecea of the  l e f t  ou te r  wlng panel ,  no table  exceptrons belng t h e  Inboard por- 
t l o n s  of the ou te r  panel r e a r  spar and a l l e r o n .  The bear lng  of t h l s  pa th  was 250 
degrees  from i t s  e a s t e r l y  end toward t h e  mpac t  c r a t e r ,  however, wes ter ly  exten- 
s l o n  of the pa th  c e n t e r l l n e  passed approxunately 2,500 f e e t  south of t h e  c ra t e r .  
The f a r t h e s t  p lece  of wreckage was a p p r o x m t e l y  19,600 f e e t  and t h e  nea res t  in 
t h l s  pa th  8,200 f e e t  from the  maln mpac t  c r a t e r .  The d e n s l t y  of t h e s e  pleces 
v a r l e d  from low t o  hlgh progressing wester ly a long t h e  250-degree pa th .  

Nearly a l l  of the  remalnmg s c a t t e r e d  wreckage was s t r u n g  out along a s l i g h t 1 3  
curved path d l t h  a wldth of about 600 f e e t  near  t h e  c r a t e r  and a t r a c k  of about 220 
degrees  t o  t h e  c r a t e r  i n  z h l s  a rea .  Contlnulng eas t e r ly  t h e  pa th ,  except fo r  a 
concentration of f l v e  p l eces  of wreckage about 4,500 f e e t  eas t -nor theas t  of t h e  
c r a t e r  dld not  exceed 1,000 f e e t  l n  wldth wl th ln  11,000 f e e t  of t h e  c r a t e r ,  a t  whic'c 
p o l n t  i t s  t r a c k  was about 255 degrees. A t  16,000 f e e t  from t h e  c r a t e r  i t  was approz. 
unate ly  2,200 f e e t  wlde and its t r a c t  was about 270 degrees. The most e a s t e r l y  



1 1 wle'k~ge found along t h l s  path was dpproxlmdtely 17,400 f e e t  from t h e  
~ - 1 3 t e l .  ~ l l  the re  along t h l s  path t o  about 7,500 f e e t  from t h e  c r a t e r  p l eces  f ram 
u ~ vor~ y ~lowc i n  density, cons l s t lng  of Items such as Seat Oc~upled cards, cabln 
L I I L I  311 O I I ~  t h l n  a: 11 s t r m g e r s ,  e tc .  I n  an I \  ~oi i lng  l r l~u l r l t l on ,  fragments of s k ~ n  
i l e a  abouL 1,600 f e e t  long,  centered approx~mately 4,300 f e e t  from the  impact, c ra-
ter, the wreckage consisted mainly of more dense plece5,  ouch a s  center  sec t lon  
f u e l  d e l l  bags and backing strips, hor lzonta l  t a l l  leadlpg edge de lcer  s t r l p s ,  e t c .  
NeLrrer t o  and s t l l l n o r t h e d s t  of the c r a t e r  there were numerous p leces  of st111 
denser wreckage, such a s  fragments of wlng s t r u c t u r e  surrounding the center sectlorn 
i u e l  tank, a l r  condl t lonlng  packs lncludlng the  p r m a r y  heat  exchangers, t h e  r l g h t  
i lor lzontdl  s t a b l l l z e r ,  e t c .  Wlthln a rad lus  of 360 f e e t  from t h e  m a n  mpact  c r a t e r  
hiere were numerous p l eces  of dense wreckage lnc lud lng  p a r t s  of t h e  r lgh t  wlng and 
fuse lage ,  r l g h t  m l n  landlng gea r ,  hor lzonta l  and v e r t l c a l  t a l l  surfaces and the  
Nos. 2 and 3 englnes and pods. The c r a t e r  contalned most of the  fuselage and l e f t  
Inner  wlng wreckage, the l e f t  maln gear and the nose gear. 

In  two small  wreckage concentrations separa te  from t h e  two previously mentioned 
pa ths ,  t ne re  were t e n  p leces ,  cons ls t lng  of the  Nos 1and 4 englnes, pylons and 
sec t lons  of t h e n  cowllng The No. 1 englne and pylon assembly was a p p r o x m t e l y  
1,440 f e e t  on a b e a r ~ n g  of 25 degrees and the No. 4 englne and pylon assembly approx- 
lmately 1,925 f e e t  on a bearlng of 1 3  degrees from t h e  mpact  c r a t e r .  None of t h e  
o t h e r  e l g h t  pleces was more than 165 f e e t  from t h e  corresponding englne. 

Exmlnat lon  of t h e  wreckage i n  conjunction with conslderat lon of the wreckage 
d l s t r l b u t l o n  disclosed rnultlple lndlca t lons  of l l g h t n l n g  damage, f l r e  and d l s l n t e -  
g r a t l o n  i n  f l l g h t ,  whlch w l l l  be discussed i n  following paragraphs. Hoiever, t h e  
f o u r  powerplant pods i n  t h e l r  e n t l r e t y  ylelded only evldence of t h e n  havlng separa- 
t e d  from the a n c r a f t  i n  f l l g h t  due t o  excessive load f ac to r s ,  wlthout englne f a l l u r e  
o r  malfunction p r l o r  t o  separation. 

A majority of t h e  components of the varlous systems wlthln N709PA were destroyed. 
The recovered po r t lons  of the hydraulic and electrical systems showed no evldence of 
operational d l s t r e s s  o r  pre-mpact  f a l l u r e .  The f u e l  dump valves were determlned t o  
be i n  t h e  "closed" p o s l t l o n  

A por t lon  of t h e  t r a l l l n g  edge of t h e  l e f t  ho r l zon ta l  s t a b l l ~ z e r  was burned 
through and t h e  pa ln t  was blistered along the  e n t l r e  upper and lower sur faces  of 
t h e  t r a l l l n g  edge. There was molten alumlnum a l l o y  sp la t t e red  on the  forward upper 
surface of t h e  leadlng  edge of t h e  s t a b l l l z e r  whlch was determlned t o  have been de- 
pos l t e3  l n  f l l g h t  There was no evldence of f l r e  damage on the r l g h t  hor lzonta l  
s t a b l l l z e r .  The l e f t  s lde  of t h e  v e r t l c a l  t a l l  acd a f t  fuselage were extensively 
scorched by exposure t o  f l r e  i n  f l l g h t  Numerous instances of m- f l lgh t  f l r e  were 
found on the  recovered wreckage of t h e  l e f t  Inboard wlng a f t  of the r e a r  spa r ,  al-
though most of the e x t e r n a l  sk ln  remalned unldent l f led .  In - f l l gh t  f l r e  damage was 
noted on the  th ree  s t e e l  t r a c k s  fo r  the Inboard f l a p  and on the t r ack  a t  t h e  Inboard 
end of t h e  outboard f l a p ,  the Inner ena of t h e  outboard f l a p ,  fragments of t h e  spoil-
e r s ,  dump chute components, cove l i p  doors, and fragments of t h e  f o r e  f laps .  

The hlgh frequency (HF) r a d l o  antenna had separa ted  from t h e  v e r t l c a l  t a i l  sec-
t l o n  and exhlbl ted numerous t l n y  pock marks whlch were d u l l  1.1appear-ante. 

The complete l e f t  wing t l p ,  wlth port lons of t h e  l e f t  outer  a l l e ron  and s p a r  
webs st111 at tached,  was found approximately 1.8 m l l e s  east-northeast  of t h e  ma.ln 



1rnp'~ct .ired Mult ~ p l i :  I l g l l t , ~ l r ~ g - s t i l k e  marks were found on the l e i t  wlng t l p .  
There was an a r e a  oi cx le r~s lve  damage on t h e  top s u r f x e  of the  i l p  d o n g  t h e  end 
I lb ,  i n  and , r d~~ lcc? t i !  I ttei ,  j o ~ n t  where the  wlrtg t l p  cap nrld t h e  top Wing s k ~ n  
were at t ~ c h e dLo isle ,.!ld r l b .  The damaged area  exlended from \,he t r a l l l r ~ g  edge (21 
tile wlng t o  d p o l t i t  about t h r e e  f e e t  e l g h t  lnches from the l ead lng  edge, mensured 
.ili:,~g t h e  end r l b  Wl?rtln t h l s  a rea  t h e r e  were rlwrlerous spo t s  where the  metdl su r -  -

l a c e  dud r l v e t  he,ud, ,)lowed lnd lca t lons  of melt lng,  and dssoc la t ed  d e r i d r l t l ~  pa1,LernS 
were v l s l b l e  on Lhe wing su r face .  The l a r g e s t  s l n g l e  ind lca t lon  of l l g h t n l n g  damage 
was an I r r e g u l a r  shdped hole  about 1$ lnches i n  d l m e t e r  There w a s  evldence or h i g h  
heat  i r i  t h l s  ared and fused  metal was found around t h e  hole. A smaller  hole  w d s  
burned ad jacen t  t o  tho outboard edge of t h e  access  cover over t h e  f luxga te  compass 
transmitter. Four i l vc t  heads and smll areas  of  metal ad jacent  t o  t h e  r l v e t s  were 
burned off  t h e  t o p  s u l i ~ c enear the t r a i l l n g  edge of the wlng t l p .  Numerous small. 
lus t rous  c r a t e r s  were iound i n  the wlng t l p  cap ranglng i n  dlameter from 1/16 t o  

1/8 Inch The depth oi t h e  c r a t e r s  ranged from 1/32 Inch t o  complete p e r f o r a t i o n  

01 the 1/16 l n c h  ti i ik  w~rig t l p  skln.  Evldence of fuslon was found a t  t h e  edges 

of two d r l l l e d  h o l e s  i n  the wlng t l p  cap and one of these holes  had been enlarged 

by meltlng around t h e  periphery. A darkened a r e a  was found on t h e  end r l b  d l r e c t l y  

opposite one ho le .  'The pa ln t  had been discolored by heat and t h e r e  was loca l l zed  

char r lng  of t h e  palnt A few small specks of fused metal were found on i h e  pa ln t .  

There was no e v l d e r ~ c e  of p l t t l n g  i n  t h e  metal sur face  of t h e  r l b .  The l l g h t n i r ~ g  

damage qea res t  t h e  tank vent o u t l e t  i n  the  bottom of t h e  l e f t  wlng was 11h
: j A L l  

lnches flom the euge o! t'he vent o u t l e t .  Metallographic examlnatlon of severzl  

i r e a s  of l l g h t n l n g  damage showed c h a r d c t e r l s t l c  depos l t s  of porous fused metal or. 

t h e  damaged s u r i a c e s  ~ n d  d d l s t l n c t  boundary between the  a f f e c t e d  and unaffected 

metal 


Tlie surge t ank  box- 7 /was. l n t a c t  except f o r  a 2.2 lnch openlng along t h e  top ex--
tendlng from s p d r  t o  spar.  Thls  openmg encompassed the surge tank end of tne v e n t  
passages from t h e  Cue1 tanks.  The ends of the  f r a c t u r e  cur led  up and were moder- 
a t e l y  sooted. The bottom surge tank sk ln  was cur led  downward at  a f r a c z u r e  l l n e  
along t h e  t a n k  end closure r l b .  Very s l l g h t  outward bulglng of the  tank  end r l b  
was noted. The  l n t e r l o r  of tne  surge tank was heavl ly sooted on a l l  s i d e s  and t h e  
sea lant  das bu rned  ~ , ~ c l a e .  

The e x t e r i o r  ~f the wlng f u e l  tank ram vent  was moderately sooted Inboard of 
t h e  recess  i n  t h e  bottom skln The heavles t  concentration of soot was below and 
a f t  of the  t a n k  \rer,t scree? There was evldence of heat i n  t h e  I n l e t  of t h e  ram 
a l r  vent scoop. 

The wlre bundle i o r  the  f l w g a t e  compass transmitter showed s lgns  of heat 
damage and c h r r r i n g  of -the ln su la t lon  of one wlre.  Thls wlre bun312 wes locacea 
I n  tne surge dl*cLlqg a rea .  Disassembly of the  surge t a  .. uuctlng revealed ULIX 

l l g n t  s o o t l ~ g  on t h e  l n t e r i o r  wall  and heavier  soot lng on t r e  oa t s lde  sur face  Of 

t h e  ducr. 

A 27-inch sectlori of the  forward spar  was bulged outward and t h e  bottom spar  
cap was bulged Zob~wird :here was s l l g h t  soot lng or  discoloration cn t h e  reserve  
~ a n ks i o e  of t n e  spar  lid s l l g h t  char r lng  of t h e  sea l an t  at  t h e  j m c z u r e  of the  
s p r  and t h e  c l o s u r e  r i b .  

See a t t a c h ~ e q tNo 1, a schematic of t h e  B-707 f u e l  system 



The c e n t e r  t&ik bottom s k u  was separated i n  t h r e e  pleces.  Stiffeners 
~ n daccess  doors  were bowed outward. The l a r g e s t  s ec t lon  was bowed chordwlse ~ I I  

JII outward d l r e c t l o n .  There were no s lgns of f l r e  damage 

There was considerable ground-flre damage t o  t h e  r l g h t  lnner wlng. 

The l e f t  outboard f l a p  and s p o l l e r  s k l n  were heavl ly  sooted underneath caked 
mud. Tnere was a l s o  soot  under t h e  mud on t h e  Inboard f l a p  gear box a r e a .  The 
l e f t  Inboard f l a p s  showed evldence of f l r e  damage. Measurement of the jackscrews 
lndlcated the  l e f t  w ~ n g  f l a p s  were up The r l g h t  outboard f l a p  showed heavy f l r e  
d m g e  and t h e  bottom sk ln  was burned away. These f l a p s  were extended 1: t o  2$ 
degrees. 

The a l l e r o n s  and spo l l e r s  on both s ldes ,  except t h e  outer  ha l f  of t h e  l e f t  

outboard a l l e r o n ,  exh lb l t ed  evldence of i n - f l l g h t  f l r e .  


The a l l e r o n  and rudder  trm were neu t r a l  and the  stabilizer was t r m e d  f o r  
0.8 degrees noseup 

The recovered wlng and t a l l  components were l a l d  out  i n  t h e n  respective posl-
t l o n s  f o r  study of f l r e  damage and t h e  l e f t  wlng t l p  and outboard sec t lons  were ex- 
amlned f o r  evldence of l l gh tn lng  damage. 

Electrical resistance measurements were taken a c r o s s  2 1  f u e l  tank access  

p l a t e s .  Readlngs obtalned varied from 0.0000 ohms t o  250,000 ohms. The hlgher 

readlngs were obtalned where bondlngs had been broken. 


A magnetlc s t r e n g t h  survey P/ was made of t h e  s ~ e e l  components of the  l e f t  
and r l g h t  wlngs, cen te r  f u e l  tank ,  and the  horizontal and v e r t l c a l  t a l l  sect lons.  
The readlngs ranged from l l g h t  t o  moderate wl th  occasional areas  of heavy magnetism. 

Sim1la.r surveys were conducted on a USAF B-707-100 and a Pan Amerlcan B-707-139 
with 3,45.!+ and 10,530 hours  f l l g h t  tune,  respectively. The r e s u l t s  were general ly 
s m l l a r  except t h a t  t h e  readlngs on the  a f t  end screws on t h e  f u e l  tank access 
p l a t e  of t h e  l e f t  wlng were hlgher  on N7G9PA than  on t h e  two t e s t e d  a i r c r a f t .  T h l s  
work was a n  attempt t o  delineate t h e  path of t h e  llghtnlng-lnduced current  through 
t h e  wlng s t r c u t u r e .  Despl te  t h e  one v a r l a t l o n  i n  r e s u l t s  of  the t h r e e  magnetlc su r -
veys, no lnformatlon s l g n l f l c a n t  t o  t h e  lnves t lga t lon  was obtalned. 

The l e f t  ou ter  wlng and o t h e r  p a r t s  were examlned and analyzed by t h e  Natlonal  
Bureau of Standards (NBS) I n  an e f f o r t  t o  d e t e c t  ignition p o l ~ t sand conflrm l l g h t -  
nlng damage. Spec la l  attention was glven t o  t h e  l e f t  wlng t l p  and p a r t s  of t h e  
No. 1 reserve tank; t h e  l e f t  f u e l  vent  surge tank ,  t h e  HF antenna probe cover, a 
p lece  of t o p  s k l n  from t h e  r l g h t  s lde  of t h e  center  f u e l  tank wlth f l o a t  valve 
at tached,  and t h e  f l o a t  valve from t h e  r l g h t  wlng reserve  tank. 

Lightning discharges can be  hazardous t o  a l r c r a f t  f u e l  systems by poss lb ly  
lgnl t lng  t h e  f u e l  vapor wlthln t h e  tanks. D l rec t  s t rokes  m y  penet ra te  the  d a l l  of 

8/ See attachment No. 1 
Magnetlc s t r e n g t h  surveys were made uslng a comparative Gaussmeter wlth a 

probe contalnlng f e r r o u s  core c o l l s ,  cur rent  amplifier, rnlcroammeter, and sens l -  
t l v l t y  adjustment. Movement of t h e  probe a c r o s s  p a r t s  checked lnduced vo l t ages  

, Into probe c o l l s  and r e s u l t s  were shown I n  mlcro amperes 



!&e tank o r  cause i n t e r n d l  sparking, e l t h e r  from the  h lgh  r e s l s t l v e  and/or lnduc t lve  
v ~ l t a g e s  developed ac ross  I n t e r n a l  d l s c o n t m u l t l e s ,  o r  from poss lb ly  hlgh v o l t a g e s  
induced I n  t h e  f u e l  probe wlr lng I n  addition, flame can propagate through t h e  
vent system, from f u e l  vapors l g n l t e d  a t  t h e  vent o u t l e t  by d l r e c t  s t rokes ,  stream-
e r m g ,  or  b l a s t  pressure  waves, spark showers, and poss lb l e  plasma penetration from 
d i r e c t  s t rokes  Accelerdted s tud le s  have r ecen t ly  been completed l n t o  t h e s e  hazards  
t o  provlde technical da ta  on t h e l r  probable occurrence and con t ro l .  These s t u d l e s  
have a l s o  lndlcated t h e  s t r u c ~ u r a l  damage that would b e  caused by t h e  d l f f e r e n t  
causes of l g n l t l o n  Nelther b l a s t  wave compression nor lnduced streamer l g n ~ t l o n  
would leave  v l s l b l e  evldence of t h e  cause of ignl t lon .  The var lous  types  of spark-
mg could a l s o  cause l g n l t l o n  wlthaut leavlng l d e n t l f m b l e  evldence bu t  mlght l e a v e  
such evldence i f  the  sparking energy is s u f f l c l e n t l y  h lgh  t o  produce v l s l b l e  plt tmg 
or fuslon of metal sur faces .  

Tne l l gh tn lng  damage previously discussed was re-examlned and confirmed. The 
de ta l l ed  examlnatlon of sur faces ,  joints, r l v e t s ,  screws, f l t t l n g s ,  and f u e l  quan t i td  
probes f o r  physlcal  evldence of ignltlon-producmg sparks  where l g n l t a b l e  fuea./alr 
mlxtures may normally be present  disclosed no l d e n t l f l a b l e  evldence of  electrical 
arc lng .  Thus, the  a c t u a l  mechanics of i g n l t l o n  of t h e  l e f t  r e se rve  tank  c o n t e n t s  
was not determined 

Metal s p l a t t e r s  on t h e  leadlng edge of t h e  h o r ~ z o n t a l  s t a b l l l z e r  were i d e n t i - 

f l e d  by spectrographic ana lys l s  a s  belng formed from two d l f f e r e n t  a luml~um a l l o y s .  

Iiowever, these a l l o y s  could not be  l d e n t l f l e d  s lnce  t h e  chemlcal composltlon of t h e  

deposl ts  d ld  not  :onform t o  any a l l o y  used i n  t h e  a l r p l a n e .  The long a x l s  of t h e  

deposl ts  varled frorr 18  degrees Inboard t o  4 degrees outboard.  


The a a ~ r c r a f t  records revlew lndlcated t h a t  N709PA was rnalntalned i n  accordance 
with FAA and approved Pan Amerlcan d l r e c t l v e s  and procedures p r l o r  t o  the  accident. 
These records revealed no h ls tory  of f u e l  leaks ,  l l gh tn lng  s t r l k e s ,  o r  s t a t l c  d l s -  
charges 

The f l l g h t  recorder tape was torn  and crumpled b u t  had l l t t l e  f l r e  damage. 
Approxrmately 95 pe rce l t  of the  tape was reassembled and r e a d  out .  The tape showed 
&n elapsed tune of approximately 32 mlnutes and 50 seconds from l l f t - o f f  a t  B a l t h m - ?  
u n t l l  Impact wlth t h e  ground. The record of t h e  f l rs t  32 mlnutes of f l l g h t  was 
normal and lndlcated no severe turbulence. 32:15 mlnutes a f t e r  takeoff  abnormal 
excurslons appear The t ape  shows t h a t  t h e  a l r c r a f t  s tayed  a t  5,000 f e e t  f o r  a p p m  
mateljr 15 seconds a f t e r  t h e  beglnnlng of t h e  unusual excurslons and then  d e s c e d e s  
rap ld ly  t o  ground l e v e l  wlth l l t t l e  change m headmg. The f l l g h t  recorder  t a p e  of 
NAL 16 LQ/ showed no major d i f fe rences  between t h e  t r a c e s  of t h e  two a l r c r a f t  while 
they were i n  t h e  holdlng pa t t e rn ,  lnsofar  a s  evldence of turbulence  i s  concerned. 

The bodles oi a l l  persons aboard the a l r c r a f t  were recovered and identified. 
T o x ~ c o l o g ~ c a lexzznllriitlon of t h e  f l l g h t  crew showed no evldence of a lcohol  o r  
elevated carbon ao?oxlde l e v e l s .  Carbon monoxlde t e s t s  of passengers a l so  indl -  
ca ted  no e l e v a ~ e d  l e v e l s  The f l l g h t  crew was physically q u a l l f l e d  f o r  f l l g h t  
according t o  FAA and Pan Arnerlcan records. 

The flamrriablllty. l m l t s  111 of a mlxture of Type A and Type B f a l l  somewhere 

See footnote  6, s u  ra. 
11/ Llmlts  of a f u e lT" occur.  -a l r  mlxture that will allow combu~t lon  t o  Belou 

t h e  lower 11mlt the  mixturk 1s too  l e a n  t o  burn and above t h e  hlgher  l ~ r n l tt h e  
mucture i s  too  r i c h  t o  burn. 



between t h e  l l m l t s  of e l t h e r  f u e l  exarnlned separately.  These l m l t s  vary according 
to t h e  temperature and pressure.  Flammablllty i s  a l s o  a f f ec t ed  by m l s t ~ n g  o r  foam- 
lng oi the f u e l .  Expert testimony a t  t h e  hearlng lnd lca t ed  t h a t  t h e  f u e l  vapors i n  
the air spaces of t h e  tanks  were well wlthln the  flammable range a t  t h e  tune of t h e  
acc ldent .  

Pan Amerlcan World Airways conducted a f l l g h t  t e s t  i n  a Boelng 707 t o  determine 
li f u e l  would d lscharge  through t h e  tank  vent system ram a l r  i n l e t .  g/ There was n 
v l s l b l e  dlscharge of f u e l  at  any t m e  durlng the t e s t .  There was evldence that f u e l  
entered t h e  vent system, co l l ec t ed  i n  t h e  surge tanks,  and returned t o  t h e  proper 
f u e l  tanks.  

To c l a r l f y  t h e  sub jec t  of lightning, a U. S Weather Bureau wl tness  was ca l l ed  
t o  t e s t l f y  a t  t h e  hear lng  and varlous technical r e p o r t s  were reviewed. These 
sources lnd lca t e  t h a t  a l l gh tn lng  s t roke  beglns when t h e  a l r ' s  resistance t o  t h e  
passage of e l e c t r l c l i y  breaks down. A t  t h a t  t m e  a f a i n t l y  lumlnous stepped leader  
advances toward a n  a r e a  of opposl te  p o t e n t l a l ,  t h e  e a r t h  i n  t h e  c a s e  of cloud t o  
ground l lghtn lng .  The difference i n  electrical p o t e n t l a l  between a cloud and the 
ground may be i n  t h e  order  of t e n  t o  one hundred rn l l l lon  v o l t s  and dlscharge cur rent ,  
may exceed 100,000 amperes wlth 10,000 amperes per  mlcro-second U/ r a t e  of current  
r l s e .  

Tne stepped l e a d e r  advances toward the  ground i n  a s e r l e s  of d l s c r e t e  branchlng 
movements, formlng an lonlzed path down from the  cloud. A s  a branch of the  stepped 
leader  i s  approaching t h e  ground, the in t ens l f l ed  e l e c t r l c  f l e l d  causes  an upward 
movlng streamer t o  form a t  a ground projection and advance toward t h e  stepped leader  
A s  t h e  oppositely charged l e a d e r s  meet, completing the  lonlzed channel, an avalanche 
of e l e c t r o n  flow fo l lows ,  dlscharglng t h e  cloud t o  t h e  ground. T h r s  e n t l r e  sequence 
1s accomplished i n  a p p r o x m t e l y  one mllllsecond. U/ Addltlonal charge c e l l s  i n  
the cloud may then  successively dlscharge through t h l s  maln lonlzed channel as a 
s lng le  f l l c k e r l n g  f l a s h  whlch may l a s t  as long a s  one second. The e l ec t ron  flow 
suddenly hea t s  t h e  lonlzed channel t o  about 15,000°C , expanding t h e  a l r  super- 
sonlca l ly  outward wl th  a thunderclap. The dlscharge can a l s o  occur between oppo- 
s l t e l y  charged r e g l o n s  wl th ln  a cloud, o r  1n different clouds. 

I f  t h e  stepped l eade r  of a s t roke approaches a f l y l n g  a l r c r a f t ,  t h e  ln t ense  
e l e c t r l c  f l e l d  Induces s treamers from t h e  ex t r eml t l e s  of the  a l r c r a f t  out  toward 
the  approaching s t roke .  The stepped leader  contac ts  one of these  a i r c r a f t  s t reamers 
cornpletlng the  ion lzed  channel t o  the a c r a f t  and r a l s l n g  t h e  p o t e n t l a l  of t h e  air-

c r a f t  t o  t h e  order  of 100 megavolts. Z?Thls  hlgh p o t e n t l a l  produces s treamers 
from a l l  t h e  ex t r eml t r e s  and hlgh gradlent  poln ts  of t h e  a l r c r a f t .  These s treamers 
can have suff  l c l e n t  energy t o  l g n l t e  f u e l  vapors. Meanwhile, the  s t r o k e  l eade r  con-
t lnues  on from t h e  a l r c r a f t  t o  another  cloud or  t o  t h e  ground t o  complete t h e  lonlzef  
channel f o r  the  e l e c t r o n  avalanche. 

2 The t e s t  conditions were: Fuel  vent shutoff  f l o a t  va lves  removed from Nos 
3 a n d 2  maln tanks and f l o a t  valves i n  t h e  Nos. 1 and 2 main t anks  i n t a c t ;  12,000 
pounds of f u e l  i n  t anks  1, 2, 3, and 4 main and wlth t h e  reserve a n d  o u t e r  t anks  
empty; f l l g h t  conditions s m u l a t l n g  moderate t o  rough alr  turbulence  wlth sklddlng 
two mlnutes tu rns .  

13/ A mlcro second is one m l l l l o n t h  of a second. 
: One thousandth of a second.' Megavolt - equals  one ml l l l on  v o l t s .  



S t a t l s t l c s  i nd lcd te  t h d t  t h e  majorl ty of l l gh tn lng  s t r l k e s  t o  a l r c r a f t  
occur a t  amblent temperatures  near  t h e  f reez lng  l e v e l  Th l s  c o r r e l a t e s  wlth 
thunderstorm e l e c t r l l l c a t l o n  theorres  t h a t  charge separation occurs  about  t h e  
f r e e z l n g  l e v e l .  N709PA was at or  near t h e  f r eez lng  l e v e l  j u s t  p r l o r  t o  t h e  a c c l -  
dent.  

The f l l g h t  crew of N709PA was properly c e r t l f l c a t e d  and q u a l l f l e d  f o r  t h l s  
.flight. The f l l g h t  was properly dispatched and c leared ,  and conformed t o  t h e  air 
t r a f f l c  con t ro l  r u l e s .  The h l s t o r y  of t h l s  a l r c r a f t  r e v e a l s  no Item t h a t  s t a n d s  
I n  causa l  r e l a t l o n s h l p  wlth t h e  acc ldent  

No evrdence of any f l l g h t  crew incapac l t a t lon ,  p r l o r  t o  impact, was found. 

A l r  c a r r l e r  a l r c r a f t  operated l n t o  and out of Phl lade lphla  mmedlately befori 
and a f t e r  the acc lden t .  There were s c a t t e r e d  thunderstorms and a r e a s  of severe  
turbulence i n  t h e  P h ~ l a d e l p h r a  a rea .  However, t h e  turbulence i n  the a r e a  where 
N709PA was operat lng was l l g h t  t o  moderate and was not  of t h e  s t r e n g t h  normally 
associated wlth a l o s s  of con t ro l  or s t r u c t u r a l  f a l l u r e .  Even though t h e  alrcrsl ' i  
was operat lng I n  p ~ e c l p l t a t i o n  a t  or  near t h e  f r eez lng  l e v e l ,  l c l n g  r s  not consla? 
a f a c t o r .  

The weather documentation and b r l e f l n g  furnished t h e  crew a t  San Juan was sa: 
l s f ac to ry .  The deather  serv lce  provlded t h e  crew a t  B a l t ~ m o r e  was not complete, 1 
ever ,  a l l  t h e  weather data available indicated t h a t  t h e  cold f r o n t  would be p a s t  
Phl lade lphla  and the weather would be mprovlng upon t h e l r  a r r l v a l .  By d e f i n l t i o j  
l l gh tn lng  i s  always present  m thunderstorms. A t  the  t m e  and p lace  of the accidt 
a thunderstorm was present  and l lgh tn lng  was observed and s c a t t e r e d  thunderstorms 
were f o r e c a s t  f o r  t h e  area.  

The record lnd lca t e s  t h a t  t h e  f l l g h t  was normal u n t l l  32:15 mlnutes a f t e r  ta l  
o f f  from B a l t m o r e .  The aberrations appearing i n  t h e  t r a c e s  of N 7 O 9 A 1 s  readout i 
32 1 5  a f t e r  takeoff ~ n d l c a t e s  t h e  t m e  of t h e  exploslon i n  t h e  l e f t  wlng. The pl: 
was a b l e  t o  malntaln cont ro l  only a  few seconds a f t e r  t h a t  and then  t h e  alrcrai 'c  
dove i n t o  t h e  ground. 

There was no ovldence of any powerplant or system m a l f u n c t ~ o n  t h a t  could have 
cahsed the  m f l l g h t  exploslon However, due t o  t h e  l n f l l g h t  f l r e  damage m t h e  l e  
Inboard wlng t r a l l l n g  edge, t h e  l e f t  horizontal t a l l  and t h e  l e f t  s l d e  of t h e  veri 
c a l  t a l l  and a f t  iuse lage ,  the  p o s s l b l l l t y  of a f u e l  leak  i n  t h e  t r a l l l n g  edge of 
the  l e f t  inboard wlng was explored i n  connection wlth l n l t l a t l o n  of t h e  accident  
Poss lb l e  sourres  o f  such l e a k s  a r e  t h e  dump chute assembly, :he reserve  tank t r a r  
f e r  tube,  o r  a  r e a r  spar  crack. 

Fuel re leased  I n t o  tne  t r a l l l n g  edge could be  lgn l t ed  and t h e  c a v l t l e s  117 5hr 
wlng t r a l l l n g  edge would a c t  a  flame ho lde r s  maklng continued burnlng l l k e l y  A 1  
though the  d ~ h e d r a l  angle of the  wlng i n  normal f l l g h t  would tend t o  cause a n  IF-

board flow of some of tne re leased  f u e l  a long t h e  r e a r  spar  lower edge, various 

o b s t r u c t l o r s  i n  t h e  t r a l l ~ n g  edge and chordwlse d i s c o n t ~ n u i t l e s  i n  t h e  lower surfs 
of t h e  t r a l l l n g  edge wouln tend t o  l o c a l l z e  any f l r e  t o  t h e  gene ra l  a r e a  of t h e  1 
A s  a r e s h l t  any lea^ spprsc lably  Inboard of  the r e se rve  tank  t r a n s f e r  tube could 



b e  expected t o  cause a f l r e  t h a t  wokld progress  outward and h e a t  t h l s  tube s u f f l c l -  
erit ly t o  ~ g , i l t et h e  i u e l / a i r  mlxture 111 the  No 1 reserve  tank p r l o r  t o  f a l l u r e  of 
t l ie wlrig i a r t h e r  inboard. A leak  i n  t h e  general  v l c l n l t y  of t h e  t r a n s f e r  tube  
could posslbly produce t h r s  r e s u l t ,  but t h e  f l r e  could not  be expected t o  progress  
through t h e  t r a l l l n g  edge almost t o  the  fuselage,  causlng the observed i n f l l g h t  f l r e  
damage p r l o r  t o  f a l l u r e  of t h e  wlng near the  source of t h e  f l r e .  

I n  addl t lon ,  t h e  metal s p l a t t e r  on the  l e f t  ho r l zon ta l  s t a b l l l z e r  leadlng  edge 
and l n f l l g h t  f l r e  damage to  t h e  l e f t  e l eva to r  could occur only a f t e r  l o s s  of t h e  
l e f t  outer  wlng. I n  normal f l l g h t  the a l r f low over the wlng and materials separat-
ing  from the  wlng t r a l l l n g  edge pass  we l l  below t h e  ho r l zon ta l  t a l l  r a t h e r  than  
s t r ~ k l n git and do not  have t h e  sldeward component of t r a v e l  displayed by t h e  metal 
s p l a t t e r s .  Also, t h e  fire damage hlgh on t h e  l e f t  s lde  of  t h e  v e r t l c a l  ta l l  i s  
wholly lncompatlble 31th  f l r e  emanating from the  wlng t r a l l l n g  edge under any normal 
f l l g h t  condlt lons.  

From t h e  f a c t s  of t h e  i r ivest lgat lon,  it has been determined that exploslons 
occurred i n  t h e  l e f t  reserve ,  cen te r  and r l g h t  r e se rve  f u e l  tanks. The wreckage 
d i s t r l b u t l o n ,  supported by t h e  f l r e  damage p a t t e r n ,  l e a d s  t o  t h e  conclusions t h a t  
t h e  i n l t m l  exploslon was i n  t h e  l e f t  r e se rve  tank and that no flre-damaged p a r t  
separa ted  from t h e  a l r c ra f ' t  p r l o r  t o  t h e  exploslon. 

The exact sequence and tlmlng of t h e  subsequent exploslons and i n f l l g h t  f l r e s  
a r e  not known and a r e ,  1n f a c t ,  somewhat academlc wl th  respec t  t o  t h e  probable 
cause of the  acc ldent .  F l r e s  were observed on both wlngs of t h e  a l r c r a f t  before  
m p a c t .  I t  1s logically concluded t h a t  maln tanks whlch contalned f u e l  and a r e  
ad jacen t  t o  t h e  r e s e r v e  and cen te r  tanks were s t r u c t u r a l l y  disrupted when some or  
a l l  of the  aforementioned tanks  exploded; f u e l  was s p l l l e d  and ignl ted .  Such spill-
a g e  from t h e  opened o u t e r  end of t h e  No. 1 m l n  tank and f l r e  damage t o  p a r t s  a f t  
t he reo f ,  lncludlng t h e  s t r l l  a t tached Inner  ends of t h e  outer  panel  r ea r  spa r  and 
outboard a l l e ron ,  a r e  quite apparent .  Early separation of the outboard englnes i n  
t h e  sequence of even t s  may have contributed, at l e a s t  i n  p a r t ,  t o  t h e  l a rge  f l r e s  
t h a t  were observed on t h e  wlngs. 

Although much e f f o r t  was expended, t h e  phys lca l  evldence f a l l e d  t o  d l s c l o s e  
t h e  p rec l se  mechanism of l g n l t l o n  whlch triggered t h e  exploslon in t h e  l e f t  reserve 
f u e l  tank. However, witnesses, some p a r t i c u l a r l y  w e l l  q u a l l f l e d ,  observed a cloud 
t o  e a r t h  l l gh tn lng  dlscharge,  described a s  belng of exceptionally g r e a t  nwgnltude, 
m the m e d l a t e  l o c a t l o n  from wblch, moments l a t e r ,  the burnlng a r r c r a f t  emerged. 
Before observing t h e  a l r c r a f t ,  a glow o r  l l g h t  was observed i n  near  p roxml tg  t o  
t h e  loca t lon  of t h e  l l g h t n l n g  dlscharge. Consequently, t he re  i s  a d l r e c t  c o r r e l a -  
t l o n  i n  tune and l o c a t l o n  between t h e  l l g h t n l n g  dlscharge and s t a r t  of events  wblch 
culminated i n  t h e  acc ldent .  

Llghtnlng dlscharge damage judged t o  be of r ecen t  o r l g l n  s n d  of an ex ten t  com-
p a t l b l e  wlth the  r epor t ed ly  observed masslve l l gh tn lng  s t r o k e  was observed i n  
s e v e r a l  locations a t  t h e  l e f t  wlng t l p  a r e a .  It  is pertinent t o  note,  however, 
t h a t  none of the  damage was on wlng s k u  t h a t  encompassed f u e l  t ank  o r  vent  system 
space of the  a l r c r a f t ;  consequently, a d l r e c t  correlation of any of t h l s  damage wltb 
t h e  t ank  exploslon i s  not  possible. 

Extensive and meticulous e f f o r t  was expended attempting t o  f l n d  evldence of an 
e l e o t r l c a l  d lscharge  that may have lgn l t ed  t h e  flammable mlxture m the  l e f t  r e se rve  



t ank  wlth negat,lve r e s u l t s .  The guldance and assistance of recognized a u t h o r l t l e s  
m the  f l e l d  of l lgh tn l , lg  physlcs  and research  were aval lz 'ule  and used i n  t h l s  
phase of  t h e  l n v e s t l g a t l o r ~  Particular attention was devoted t o  f u e l  quant l ty  
probes, d l s c o n t l n u l t l e s  i n  the  s t r u c t u r e  whlch form t h e  f u e l  t anks  bondmg, f u e l  
t ank  access  p l a t e s ,  f i l l e r  cap assemblies, f u e l  vent o u t l e t s  and a l s o  tank wall  Sur- 
faces .  Information obtained by analyses,  research u t l l l z l n g  labora tory  produced 
electrical dlscharges  and observations of n a t u r a l  l lgh t ,n lng  damage was u t l l l z e d  i n  
determlnlng where and how t o  make t h e  d e t a l l e d  examlnatlon. 

Although physlcal  evldence of t h e  means by whlch l g n l t l o n  occurred was not 
found, the  l lke l lhood of l g n l t l o n  by l lgh tn lng  i s  not  ru l ed  ou t .  The correlation 
o f  tlme, p lace  and damage cannot be dlsmlssed. Cer ta ln  phenomena a s soc la t ed  wlth 
l l gh tn lng  dlscharges, some well  deflned, o the r s  more s u b t l e  and of whlch we have 
l e s s  f l n l t e  informatlon and whlch leave no physlcal  evldence can l g n l t e  f l m a b l e  
murtures. Probably most s lgn l f l can t  l n  t h e  former category is t h e  development of 
streamers from extrernl t les  and/or sur face  d l s c o n t l n u l t l e s  as a  l l gh tn lng  s t roke  de- 
velops rn  the s t ep  l eade r  s tage.  These s treamers have been found t o  be i n  the durzi- 
t l o n  and energy range requlred t o  l g n l t e  flammable mixtures. Other phenomena, of 
whlch l e s s  i s  known because of generation and measuring d l f f l c u l t l e s ,  t h a t  a r e  eon-
sldered po ten t l a l  l g n l t l o n  sources a r e  p l a s m ,  shock waves and sparklng due to  in-
duced vol tages from extremely hlgh cu r ren t  r l s e  r a t e s  t h a t  occur. Although much 
has been learned about l lght , l lng  and l t s  e f f e c t s  through research  and study,  many 
questions i r e  st i l l  unanswered and t h e  upper lml ts  of vol tage,  cur rent  and t o t a l  
energy t h t  x-iy oe assoc la ted  wltn l l gh tn lng  a r e  not conclusively deflned.  Tne 
apparent C - ~ ~ I ~ ~ I O U S  l l g h t n ~ n gis evidenced by t h e  range of na ture  of extremes a s  
we l l  a s ,  i n  some cases ,  the  unique nature of t h e  damage t h a t  r e s u l t s .  Thus, t o  
predlc t  i n  tne  absence of physlcal  evldence t h e  exact mechanism of ignl txon m t h l s  
pa r t l c t l l a r  case i s  not  possible. By the  same reasonmg, I n  vlew of the  known f a c t s  
of t h l s  accident, t h e r e  i s  no l o g l c a l  explanation f o r  l g n l t l o n  of t h e  flammable 
vapors o ther  than some e f f e c t  stemmlng d l r e c t l y  from t h e  lightning s t r l k e  

The vent system ln t e rcon lec t s  a l l  f u e l  tanks and t h e  vent o u t l e t s  through pass- 
,ages capable bf t ransml t t lng  flame when f l l l e d  wlth flammable muctures; t h u s  i n i t d  
l g n l t l o n  codld have occurred l n s l d e  t h e  l e f t  reserve  tank,  l n s lde  t h e  l e f t  surge 
tank,  o r  a t  t h e  l e f t  vent out lec .  

91se3 or: ev lde t~ce  f  urnlshed the Board, lt i s  reasonable t o  concluae t h a t  the 

s t a t e  of t ke  a r t  was f u l l y  exploited wl th ln  t h e  11mlts  ~mposed by bas ic  airplane 

s t r u c t u r a l  and conflgurat lon requirements I n  t h e  deslgn of the  f u e l  system, mclud-

lng  the vent o u t l e t s .  Application of known l lgh tn lng  p ro tec t lon  ~ n f o r m t l o n  a s  

w e l l  a s  s p e c l f l c  t e s t l n g  was appl led  durlng t h e  deslgn s tages .  The l l gh tn lng  pro- 

t e c t l o n  reqclrremeuts of t h e  Federa l  Avlat lon Agency were s a t l s f l e d .  


Tr~e 'ederal Bvldt lon Agency sponsored research, l n l t l a t e d  mediately subse-
quent t o  t h e  accx len t ,  wlth t h e  l l t e n t  of lmprovlng p ro tec t lon  from i g n l t l o n  of fd 
by l lgh tn lng  s ~ r l k e s  t o  aircraft. The Board p a r t l c l p a t e d  1n t h l s  program by pro- 
v ld lng  a  ~ e ~ b e r  t h e  Committee organized t o  advlse i n  t h e  program planning andoi; 
e x e c ~ i i o r ,i s  well  a s  t o  eva lua te  the r e s u l t s .  The Committee was Informed currenth 
on t h e  l n v e s t l g a t l v e  r e s u l t s  ana ,  conversely, persons respons lb le  f o r  the investi-
g a t l o ?  were advlsea ds information evolved from the r e sea rch  a c t l v l t l e s  t o  the  
m u t m l  b e n e f l t  of a l l  respons lb le  p a r t l e s .  Although t h e  circumstances and f a c t s  
of t h e  a c c l r i e ? ~  were a p p l ~ e d  i n  t h e  pla7nlng of the r e sea rch  program, its scope 2nd 
l n t e n t  was t o  provlde informatlon hat could be applied industry-wlde and thus was 



not  almed d t  any s p e c l f l c  a l r c r a f t  Consequently, only t h a t  po r t lon  of t h e  program 
t h a t  appears t o  b e  re levant  t o  the subjec t  accldent w l l l  be discussed. 

One e f f o r t  i n  t h l s  regdrd was a  revlew by the Coordlnatlng Research Councll  of 
311 available d a t a  concerning the r e l a t i v e  safe ty  of Type A and Type B jet f u e l s  dnd 
mlxtures  thereof .  The group making t h i s  study concluded t h a t  whlle the re  a r e  dif-
fe rences ,  t h e  adoptlon of a s lng le  type o f  a v l a t i o n  tu rb lne  f u e l  by the  e n t l r e  In-  
dustrg would not s l g n l f l c a n t l y  Improve t h e  ove ra l l  exce l len t  s a f e t y  record of com-
merc la l  av la t lon .  The group f u r t h e r  concluded t h a t  add l t lona l  research l n t o  t h e  
na ture  and e f f e c t  of l l gh tn lng  s t r l k e s  and e l e c t r o - s t a t l c  discharges i s  warranted 
and t h a t  more information is desirable regarding t h e  phenomena of  f u e l  spray,  
mls t lng ,  and l o c a l l z e d  vapor-alr mlxtures i n  tanks under a c t u a l  f l l g h t  conditions. 
The Federal Avlat lon Agency i s  mplementlng research and t e s t  programs t o  accomplish, 
I n  t h e  maln, t h e  Coordlnatlng Research Colmcll ' s  recommendations. 

It was demonstrated t h a t  d l r e c t  l i gh tn ing  s t r i k e s  t o  over wlng f l l l e r  caps and 
access  p l a t e s  of t h e  conflgurat lon used on t h e  a l r c r a f t  i n  quest lon can produce 
sparks  l n s l d e  the  f u e l  tank. No evldence of a d l r e c t  s t r l k e  was found on t h e s e  
p a r t s  from N709PA. Practical means whereby these  po ten t l a1  hazards can be elml-
nated,  a s  demonstrated wl th in  the  lm l t s  of t h e  t e s t l n g  f a c l l l t y ,  were developed 
and, I n  the  case of access  p l a t e s ,  have a l ready been applled t o  a l r c r a f t  i n  servlce.  
Tes t rng  f a d e d  t o  demonstrate any hazard from lnduced vol tages  i n  t h e  f u e l  quantl ty  
measuring system. A complete wlng sec t lon  of essentially the same eonflgurat lon as  
B707-121 was t e s t e d  f o r  I n t e r n a l  sparklng m the r e se rve  tank. Slmulatlon of 
lightning s t r l k e s  t o  t h e  ex tent  of the t e s t l n g  f a c l l l t y  capab l l l t y  d l d  not produce 
any recorded evldence of sparklng wlthin t h e  tank 

The t e s t l n g  f a c l l l t y  t h a t  was used i s  recognlzed a s  belng among the most pro-
f i c i e n t  i n  t h e  f l e l d  of l lgh tn lng  s m u l a t l o n  and research.  It i s  f e l t  t h a t  t h e  
c u r r e n t  s t a t e  of t h e  art  does not permlt an extension of t e s t  r e s u l t s  t o  unquallfled 
conclusions of a l l  a spec t s  of na tu ra l  l l gh tn lng  e f f e c t s .  The need f o r  addl txonal  r e -  
search  i s  recognlzed and a d d l t l o n a l  programming 1s planned. 

Probable Cause 

The Board determines t h e  probable cause of t h l s  accldent  was llghtnmg-lnduced 
l g n l t l o n  of the  f u e l / a l r  mucture i n  the  No 1rese rve  f u e l  tank with r e s u l t a n t  ex-
p los lve  d l s l n t e g r a t l o n  of t h e  l e f t  outer  wlng and l o s s  of control .  

BY THE CIVIL AERONAUTICS BMRD: 

/s/ ALAN S. BOYD 
Chalrman 

/s/ ROBERT T. MURPHY 
Vice Chalrman 

/s/ CHAN GURNEY 
Member 

/S/ G. JEEPH MINETTI 
Member 

/s/ WHITPIZY GILLILLAND 
Member 



-S U E E L E M E Y  T A L  D A T A  

The CIVIL Aeronautlcs  Board was n o t l f l e d  of t h l s  accldent  on December 8, 1963, 
and  an l n v e s t l g a t l o n  was mediately l n l t l a t e d  under the  provlslons of T l t l e  VII 
of the Federal  Avlat lon Act of 1958, as  amended. A publ lc  hearlng was conducted 
as pa r t  of t h l s  l n v e s t l g a t i o n  a t  Phl lade lphla ,  Pennsylvania, February 24-26, 1964. 

A i r  Ca r r l e r  

Pan Amerlcan World Alrways, Inc. ,  i s  a New York corporation wlth headquarters  
a t  New York Cl ty ,  New York. 

The company o p e r a t e s  a s  a scheduled alr c a r r l e r  under a cu r ren t ly  effective 
s e r t l f l c a t e  of publ lc  convenience and necessity lssued by the C l v i l  Aeronautlcs 
Board, and a n  operating c e r t l f l c a t e  Issued by t h e  Federa l  Avlatlon Agency. 

F l l a h t  Personnel 

Captaln George F. Knuth, age 45, he ld  a cur rent  a l r  t ranspor t  pilot c e r t l f l c a t e  
No. 796-40 Issued A p r l l  20, 1953, wlth type r a t l n g s  i n  B-707, DC-6, DC-3, and L-49. 
H e  a l s o  had navigator's r a t l n g .  Captaln Knuth had 17,049 hours t o t a l  f l y l n g  tune of 
whlch 2,890 hours were i n  t h e  B-707 H l s  l a s t  Class  I phys lca l  examlnatlon was 
accomplished i n  December 1963 and no walver was required.  

F l r s t  Of f l ce r  John R. Dale, age 48, held a current  alr t r anspor t  p l l o t  c e r t l f i -
c a t e  450373 Issued November U ,  1955, w l t h  type  r a t l n g s  m the B-707, L-49, B-377, 
and navlgatlon. He had a t o t a l  of 13,963 hours f l y l n g  t lme of whlch 2,681 hours 
were i n  B-707 a l r c r a f t .  HIS last phys lca l  examlnatlon was completed i n  August, 1963, 
w i t h  no walvers. 

Second Off lcer  P a u l  L. Orr lnger ,  age  42, held a n  a l r  t ranspor t  p l l o t  c e r t l f l c a t e  
220082, ~ s s u e dA p r l l  6 ,  1962, w l th  type r a t l n g s  u DC-6, DC-3, and navlgatlon. He 
had 10,008 t o t a l  f l y l n g  hours lncludlng 2,808 In B-707 a l r c r a f t .  H l s  last physical  
exarnlnatlon was completed I n  June, 1963, wlth no walvers. 

F l lgh t  Englneer John R. Kantlehner, he ld  an a l r c r a f t  and powerplant mechanic 
c e r t l f l c a t e  and a f l l g h t  englneer c e r t ~ f l c a t e .  The l a t t e r  was lssued December U, 
1955. He had a t o t a l  f l y l n g  time of 6,066 hours lnc ludlng  76 hours i n  t h e  B-707. 
H l s  last physlcal  examlnatlon was completed October 1, 1963, wl th  no walvers.  

Tne cabln a t t e n d a n t s  were properly t r a l n e d  and qua l l f l ed  f o r  t h e  p o s l t l o n s  m 
whlch they were se rvmg.  

The Al rc ra f t  

The a l r c r a f t ,  a Boelng 707-121, N709pA was purchased by Pan Amerlcan i n  1958, 
and had a t o t a l  f l y l n g  time of 14,609 hours. The last major lnspec t lon  was performed 
March 25, 1963, and t h e  l a s t  layover t r a n s l t  lnspec t lon  December 7, 1963. 



'Plle a11trait was powered by f o u r  P r a t t  and Whitney J ' P ~ C - 6t u r b o ~ e t  englns2, 
The t o t a l  t u n e  (TT) and  tmes s l n c e  o v c r h d u l  (TSO) of t h e s e  e n g l n e s  were: 

Englne No. T'T (Hour s )  TSO ( l iours)  



VENT SURGE TANU 

RESEllVT TANK 

VR4l SURGE TANK 



Mr. Qeorge S. Moore 
Dlrector 
Fl lght  Standards S e m c e  
Federal Avlatlon Agency 
Washington, J. C ., 20553 
Dear M r .  Moore: 

The investlgatlon t o  date of the Pan American World Alrways, 
Inc., Boelng 707-121, N709PA9 a r c r a f t  accident near Elkton, haryland 
on December 8, 1963, has ldentlfied m a grass sense the causal areas. 
That an ln f l igh t  explosion cccurred in  the No. 1reserve f u e l  tank 
is  readily evhlent. I t  1s belleved the explos~on stemmed from i g n t l o n  
of combustible fumes a t  the fuel  tanks vent ou t l e t  by a l lghtnlng 
s t r lke .  Posit lve evldence of l lghtmag s t r ik lng  m the wing k p  area, 
some near the  vent system outlet, has been noted. The ~nves t lgahon ,  
t o  attempt t o  more precisely define the mechmsm of mi t la l  lgnit lon 
and progress t o  explosion, is continu-. 

Fuel aboard a t  the tlme of the  accident was appraxlmately a 
68/32 J e t  h/Jet B by volume muc. Based on da ta  furnashed by PAWA, i t  
is  estimated the temperature of the fue l  was approximately h2 degrees F. 
Except f o r  normally unuseable fuel,  a l l  was belng carried an the four 
main tanks. Considering a l l  factors,  i t  is concluded the f u e l  vapors 
in a l l  tanks were n t h m  the flammability ilrmts. 

.This accioent has focueed attentlon on a serlous problem; not new 
as evlaenced by the  studies prenously niad,e and the great number of 
reports and papers dealing n t h  it. There is no doubt i n  our nund t h a t  
our concern regardlng t h i s  matter i s  shared equally by yourself and 
s t a f f .  It is appreciated also tha t  mediately a t t a n a b l e  corrective 
measures to  provlde t o t a l  protectlon are not readl ly  enden t .  However, 
we do f e e l  and urge tha t  a l l  ava lab le  govemment and mdustry resources 
should be marshalled t o  mplernent protective measures. Even pa r t i a l  
measures effecting def in i te  improvement appear warrantea before the 
ultimate protectlon can be pronded. 

The f o l l o n n g  recomendatlons fo r  your conslderatlon a r e  submtted: 

1. 	 I n s t a l l  s t a t i c  discharge wicks on those turblne powered azr- 
c r a f t  not so equipped. 



hr. 	veorge S IJhoore (2 )  

2 .  	 deva lua t e  problems associated wlth lncorporatlon of flame 
ar res tors  m fue l  tank vent ou t l e t s  We belleve posl t rve 
protection agalnst fue l  tank explsslon from s t a t l c  discharge. 
lhn i ted  fuel /a i r  mixtures a t  fue l  tank. vent ou t l e t s  can be 
1-rovlded by flame arres tors  havlng s u f f l c ~ e n t  depth 

3. 	 A posslble a l t e rna t e  t o  No 2 tha t  nay be considered LS to  
render the  mrxture emltt lrg from the vent ou t l e t  non-1gntabJ.e 
by the introduction of a l r  l n t o  the vent tube. 

4. 	 Me beheve the surge tams located jbst outboard of the re-  
serve tanks, by v l r tue  of t h e l r  l o c a t ~ o n  near the wing t ~ p ,  
are  vulnerable n t h  respect t o  l lghtnlng s t n k e s  Burn marks 
on the skln 2.the  u p  area of N709PA substant-ates t h l s  
beke f  Thls belng tne case i t  1s belleved a measure of 
protection mll be attaA.ed i f  the  m g  sk l r .  1s not u t l l i z e d  
as p a r t  of the surge tank walls Thls could be accomplished 
by provldlng an x n e r  ual; n t h  a a ? ~gap betueen i t  and 
the mng stcln to form tne s u g e  tank. It i s  recornended tha t  
thls ccr~c2yt be comldered Azother a l t e rna t e  a?pears t o  
provwe suff lc lent  thxkness of the skin m t h s  area t o  pre-
vent bur.xnb txough cy llghtnint; s t r l kes  

5 	 Suggested i o r  coas~dera t lon  i s  the requzrement t h a t  only J e t  A 
fue l  be ~ s e d  comerc;ally. Vapor :"lanunabllity temperature 
I-mits charts provided by 2sso show tha t  mclz l e s s  of the oper-
atlons would occur n t h  the vapor ;n the Elamabzl l ty  range 
whlle using J e t  A fue l  as compared n t h  J e t  9 f u e l  

5. 	 Fmally,  ~t i s  recomecded tha t  every e f f o r t  bs expanded to 
ar r ive  a t  s prac t ica l  means by wh~cn f lanmbla  arr/vapor m x -
tures  *re elmmated from t h e  f u e l  tanks. lhere  appears to 
be a t  l e a s t  twc approaches t o  accomplish t h l s  al-1. There ~s 
the  pc-s jb i l i ty  of iner t lag the sS)ace above the f u e l  by m-
t r o d u c e ~ ~ t ~of &? Iner t  gas Ar. d l t ema te  appzoach 1s t o  in-
tro&ce sufficient azr c l r c ~ l a t l o a  ln to  the t a m s  t o  nzlntaln  
a fuel/a:r r a t l a  too lean f o r  CQI-S~s t lor .  :h~:.e may well be 
other approachec t o  a t t a n  t h ~ s  :f so, should be ;:a:; :rsy 
explored Ot+r iircbiems of ::XIL :cnpLexit$ ca:.e beer. resolved 
ana we f e e l  '"be cesolut~or ,cf "Lri;s pxb len  1s ::hew-se a t t a x -
able a t  a cost comensurate n t h  ;he b e ~ e f l t s  We recommexid 
that  IAA/CAB s o l l c i i  the a l d  of the avlatlor.  and petrohum 
u.Jdszry as well as  gcverrment and defense agc~lcles t o  provlde 
a S G L L ~ ; ~ ~ .to t h l s  problem &hat is applicable t 2  a l r c r a f t  i r  
servlce a s  +re': as  ntd a l r c i a f t  



hr.George S.  Moore (3)  

The above recommendations amplify our-telephone conversation- 
of December 11 and our meeting on kcamber 12. Through your par-
ticipatlon i n  the invesbgation of the accident as well as by - c t  
wntact fram t h i s  ~ f f i c e ,you rillbe advlsed vf current developments 
M w13 M of ow othar thinkin# we may hove ragardiny oofiectiw 
measures. My etaff  will also be available for any ass~stancewe can 
pl,ovide to resolve th i s  .safety problem.. 

SFncerely yours, 

0rJ.gFoal signed by 
Leon H. Tangupy 

lson H .  Tanguay 
Direator, Bureau of Safety. 



ATTACHMENT I11 

FEDERAL AVIATION AGENCY 
>!I !L R O O l l

W~\ l ; t .~~ron  20553m D C  

Mr.  Leon H. Tanguay 

Director, Bureau of Safety 

C l v i l  Aeronautics Board 

Washington, D. C. 20428 


Dear Mr .  Tanguay: 

This  w i l l  supplement om J a ~ u a r y2 ,  1964, acknowledgment t o  your letter, 
reference  B-80-96, dated December 1 7 ,  1963, regarding the  Pan American 
World Airways, Inc., Boe~ng 707-121, N709PA, a i r c r a f t  accident  near  
Elkton, Maryland, on Decembcr 8, 1963. 

The recommendations and sugkestlons of fered  i n  your l e t t e r  of December 1 7 ,  
1963, have been c a r e f u l l y  c,?nsldered along with other  rdeas fo r  achievlag 
improved p ro tec t ion  agalns t  l l g h t n ~ n g  s t r l k e s .  Thrs Agency is engaged 
i n  a program of  s tud les ,  t e s t s ,  azd i nves t iga t ions  t o  provide information . essential t o  t h e  developnent and application of super ior  p ro tec t ive  . 
measures. 

Although t h e  Fnves t igaL~on of t h e  accldent has no t  y e t  disclosed evidence 
of t h e  mechanism by whlch a llghtnmng s t r i k e  Ignited t h e  f u e l ,  we  have 
applied c e r t a i n  precautmnary measures, each of whlch o f f e r s  some degree 
of benef i t .  These are: 

NOTAM issued on Decernbal :3, i963, a l e r t l u g  p l l o t s  and t r a f f i c  
c o n t r o l l e r s  t o  l ightnrng nazards, need f o r  thunderstorm avoid- 
ance, and encouraging us2 of PIREPS. * 

Telegram t o  a1r  ca r rz? r s  and a l r c r a f t  operators ,  on December 18, 
1963, recommending thc  ~ n s t a l l a t l o n  of s t a t i c  dischargers on 
all  a i r c r a f t  us ing  eur'J~;?e fue ls .  

A i rwor th~ness  D l r e c r ~ v ~ ?  on Boeing 707, 720, and 727 s e r i e s  
a l r c r a f t ,  requi r lnp  m c i ~ c ~ c a t i o n  of f u e l  tank access  door 
bonding, Issued or. bebruary 4, 1964, as an adopted ru le .  

Axworth iness  Directive on Boelng 707 and 720 s e r i e s  a l r c r a f t ,  
requirzng overlay on surge tank skin f o r  lmproved protectLon 
a g a i n s t  penetratxon, ~ s s u e don February 21, 1964, a s  an 
adopted ru le .  



Information on a l l  aspeLts of our program was glven by the  Federal  
Aviat ion Agency witnesses rn  testimony before the  Board of Inqui ry  a t  
Phi ladelphia  on February 25. Thls l e t t e r ,  t he re fo re ,  1s l i m i t e d  t o  a 
b r i e f  account of program s t a t u s .  

$ethnical Committee 

A Technical Comm~ttee on 1 lgh tn lng .p ro tec t~on  f o r  a z r c r a f t  
f u e l  systems has been formed, composed of r ep resen ta t ion  from 
the  FAA, C l v l l  Aeronautics Board, National Aeronautics and 
Space Admlnlstratlon, U. S. Weather Bureau, U. S. Arr Force, 
and U. S. Navy. The Conunittee has been meeting r egu la r ly  
and i s  p rovrd~ngguidance and assistance i n  planning and 
carrylng out  s p e c l f l c  act lons.  

The response t o  the t e l e g r a p h ~ c  recommendation of December 18, 
1963, has been completcly favorable. I n s t a l l a t l o n s  a r e  being 
made as  p a r t s  become avai lable .  Late  r epor t s  show t h a t  about 
24 o l r  c a r r l e r  airplanes a r e  yet  t o  have d ischargers  i n s t a l l e d .  
A v a i l a b i l i t y  of pa r t s  i s  the maln f a c t o r  1n  completrng the  
remainder. 

Collect ion and ana lvs l s  of data 

We a r e  receiving l l g h t n ~ n g  s t r l k e  da ta  from a l l  available 
sources. These d a t a  a r e  belng consolidated and analyzed w l t h  
t h e  a s s i s t ance  of t h e  Technical Comm~ttee. 

Contract w l t h  Aclant ic  Research Corp. (FA64WA-4955. dated 
January 30 ,  1564, Aniol~~:c,$70,259.00L 

This work Includes the  evaluation qf flame a r r e s t e r  deslgns 
f o r  effectiveness, and s tudres  and t e s t s  on o ther  ways of 
protectrng the  vent system - such a s  explosion suppressron and 
v e n t l l a t l o n  of vent o u t l e t .  Equipment c a l ~ b r a t l o n  t e s t s  are 
now being conducted. 

Contract w ~ t h  Lrghtnrng and Transients Research Institute 
(FA64WA-49 60, dsted kebruary 4 ,  1964, Amount, $96,748.95) 

This cont rac tor  1s inves t lga t lng  t h e  I n t e r n a l  a rc ing  p o s s ~ b i l l = y  
on typ rca l  wrng tank constructLon, and will evalua te  means of 
elrminat lng any a r c s  found t o  exlst. Later ,  proof t e s t s  of 
promlsrng flame a r r e s t e r  desrgns wrll be conducted. The t e a t  
a r t r c l e  i s  i n  place and l n i t ~ a l  discharges a r e  being f i r e d  t o  
check ou t  the  equipment. 



Planning for  comprehensive research and development projects 

A more comprehensive program of research and development w i l l  
be requlred for  the purpose of refining deslgn criteria, making 
advanced a t u d i e ~  of protectaon concepts - i n  general covrring 
araa8 of investigation not possible i n  t he  rhort-range contract8 
with At lan t ic  Research Corp. and LTRI. The Technical Camattee 
i s  now considering suggestions for  the scope and nature of the 
projects. 

Fuels study 

The questions which have been r a s e d  concerning the re la t ive 
safety of JP-4, kerosene, and mixes of the  two are being studied. 
To a s s i s t  i n  the resolution of these questions, we have asked 
the Coordinating Research Council t o  undertake s renew of a l l  
avai lable  data  on the subject. The CRC i s  proceeding with t h i s  
work, which w i l l  serve t o  define the  "s ta te  of the art ,"  den-
t l f y  areas  where research may be needed, and recommend how to  
accomplish any needed research. I n  addltlon, we have rssued 
Advlsory Circular No. AC 20-20, which furnishes some general 
information on the subject. 

Reevaluation of a i r c r a f t  m servrce 

Based upon information now a t  hand, l a t e r  to  be supplemented 
by ~nformation derrved from the contract work and from the 
accident investigation, we a r e  proceeding with a reexamlnatlon 
of the basis  for  approval of lrghtnlng protective features of 
a l l  turbine-engined a i rc ra f t .  

Through your Mr .  Hallman's p a r t r c l p a t ~ o nas a member of the Technical 
Committee, we a r e  receiving lnfonnatlon on ghe continuing work by your 
investagators, apd he 1s belng regularly.rnformed of the  s ta tus  of  
lightnang prograin plans, actions, and results .  We belleve tha t  t he  
col lect ive e f f o r t s  b e ~ n g  applied t o  t h i s  program w i l l  be successful i n  
producing p rac t i ca l  ways and means for  lmpraved protecfiqn.-

U 
 Flight Standards Service 


